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With Medium Vessel Occlusion in the Anterior Circulation
Hamidreza Saber, MD; Shashvat M. Desai, MD; Diogo Haussen, MD; Alhamza Al-bayati, MD; Shahram Majidi, MD; J. Mocco, MD; Ameer E. Hassan, MD; Gary Rajah, MD;
Muhammad Waqas, MD; Jason M. Davies, MD; David Dornbos III, MD; Christopher Nickele, MD; Adam S. Arthur, MD; Ashkan Mowla, MD; Matthew S. Tenser, MD;
Maxim Mokin, MD; Elliot Pressman, MD; Amin Aghaebrahim, MD; Ricardo A. Hanel, MD; Santiago Ortega-Gutierrez, MD, MSc; Tudor Jovin, MD; Gary R. Duckwiler, MD;
David S. Liebeskind, MD; Raul G. Nogueira, MD; Jeffrey Gornbein, DrPH; Jeffrey L. Saver, MD; Ashutosh P. Jadhav, MD, PHD

Abstract

IMPORTANCE Randomized clinical trials have shown the efficacy of endovascular therapy (EVT) for
acute large vessel occlusion strokes. The benefit of EVT in acute stroke with distal, medium vessel
occlusion (DMVO) remains unclear.

OBJECTIVE To examine the efficacy and safety outcomes associated with EVT in patients with
primary DMVO stroke when compared with a control cohort treated with medical management
(MM) alone.

DESIGN, SETTING, AND PARTICIPANTS This multicenter, retrospective cohort study pooled data
from patients who had an acute stroke and a primary anterior circulation emergency DMVO, defined
as any segment of the anterior cerebral artery (ACA) or distal middle cerebral artery, between
January 1, 2015, and December 31, 2019. Those with a concomitant proximal occlusion were
excluded. Outcomes were compared between the 2 treatment groups using propensity score
methods. Data analysis was performed from March to June 2021.

EXPOSURES Patients were divided into EVT and MM groups.

MAIN OUTCOMES AND MEASURES Main efficacy outcomes included 3-month functional
independence (modified Rankin Scale [mRS] scores, 0-2) and 3-month excellent outcome (mRS
scores, 0-1). Safety outcomes included 3-month mortality and symptomatic intracranial hemorrhage.

RESULTS A total of 286 patients with DMVO were evaluated, including 156 treated with EVT (mean
[SD] age, 66.7 [13.7] years; 90 men [57.6%]; median National Institute of Health Stroke Scale [NIHSS]
score, 13.5 [IQR, 8.5-18.5]; intravenous tissue plasminogen activator [IV tPA] use, 75 [49.7%]; ACA
involvement, 49 [31.4%]) and 130 treated with medical management (mean [SD] age, 69.8 [14.9]
years; 62 men [47.7%]; median NIHSS score, 7.0 [IQR, 4.0-14.0], IV tPA use, 58 [44.6%]; ACA
involvement, 31 [24.0%]). There was no difference in the unadjusted rate of 3-month functional
independence in the EVT vs MM groups (151 [51.7%] vs 124 [50.0%]; P = .78), excellent outcome (151
[38.4%] vs 123 [31.7%]; P = .25), or mortality (139 [18.7%] vs 106 [11.3%]; P = .15). The rate of
symptomatic intracranial hemorrhage was similar in the EVT vs MM groups (weighted: 4.0% vs 3.1%;
P = .90). In inverse probability of treatment weighting propensity analyses, there was no significant
difference between groups for functional independence (adjusted odds ratio [aOR], 1.36; 95% CI,
0.84-2.19; P = .20) or mortality (aOR, 1.24; 95% CI, 0.63-2.43; P = .53), whereas the EVT group had
higher odds of an excellent outcome (mRS scores, 0-1) at 3 months (aOR, 1.71; 95% CI,
1.02-2.87; P = .04).
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Abstract (continued)

CONCLUSIONS AND RELEVANCE The findings of this multicenter cohort study suggest that EVT
may be considered for selected patients with ACA or distal middle cerebral artery strokes. Further
larger randomized investigation regarding the risk-benefit ratio for DMVO treatment is indicated.

JAMA Network Open. 2022;5(10):e2238154. doi:10.1001/jamanetworkopen.2022.38154

Introduction

Endovascular therapy (EVT) for cerebral reperfusion has been established as the standard of care for
acute large-vessel occlusion (LVO) of the proximal anterior circulation, including the internal carotid
artery and the M1 segment of the middle cerebral artery (MCA).1-5 Meta-analyses6,7 of multicenter
prospective cohorts and randomized clinical trials have also suggested benefit of EVT for treatment
of occlusions in dominant or codominant branches of the M2 segment of the MCA. However, the
safety and efficacy of EVT in primary distal, medium vessel occlusions (DMVOs), such as the M3
segments of the MCA and the anterior cerebral artery (ACA), have not been well delineated because
until recently these patients were not enrolled in randomized clinical trials or treated in large volumes
in clinical practice. Given the large magnitude of effect and overwhelming benefit of EVT in LVO,
mechanical thrombectomy has been postulated to be beneficial in the treatment of DMVOs.
However, the smaller size of distal cerebral arteries, as well as longer distances associated with a
more tortuous pathway, may increase the difficulty of successful reperfusion in DMVOs.

Patient outcomes with medical management (MM) for DMVOs are similarly not well
understood. Between 17% and 40% of patients with acute ischemic stroke (AIS) harbor DMVOs, and
a significant proportion of these patients may have poor outcomes.8-10 Prior single-center cohort
studies11-14 have evaluated the role of EVT in patients with DMVOs and suggested a potential benefit
with high recanalization and relatively low rates of intracranial hemorrhage after EVT for occlusions
in the M3 segment or ACA. However, results of these studies are inconclusive because of small
sample sizes, inclusion of patients with initial LVO complicated by emboli to distal or new territories,
and lack of a control group with MM alone. To address this gap in knowledge and owing to the lack
of randomized clinical trial data, we conducted a multicenter cohort study of registry data to evaluate
the safety and efficacy outcomes associated with EVT in primary DMVO strokes when compared
with a control cohort treated with medical therapy alone.

Methods

This multicenter, retrospective cohort study was approved by the relevant ethics committees of
individual centers. Informed consent was not required because data were deidentified. This study
followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
reporting guideline.15

Study Population
Patients with AIS with DMVO in the M3 segment of the MCA or in the ACA were identified in
prospectively maintained data registries from 11 US stroke centers between January 1, 2015, and
December 31, 2019. The data were pooled to analyze the safety and efficacy outcomes in patients
with DMVO treated with EVT vs MM alone. Patients 18 years or older were included in the analysis
with the following criteria: (1) patients with AIS and causative anterior circulation DMVO (M3
segment of the MCA or any segment of the ACS) diagnosed and treated within 24 hours from the last
time the patient was known to be doing well before onset of stroke identified, (2) no proximal LVO
at presentation, and (3) prestroke modified Rankin Scale (mRS) score of 0 to 1. The mRS assesses
disability in patients with stroke and is used as a standard estimate for recovery or degree of
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continued disability after stroke. A score of 0 indicates no residual symptoms, 1 indicates no
significant disability, 5 is severe disability requiring constant care for all needs, and 6 indicates death.
The M3 segment was defined from the circular sulcus of the insula to the superior surface of the
Sylvian fissure. The patients with DMVO treated with MM alone were gathered from registries from 7
institutions (eTable 1 in the Supplement).

Stroke management decisions, including the delivery of intravenous thrombolytic drugs and
hemodynamic management, were made by the patients’ attending physicians and clinical care team
after then-current American Heart Association guidelines.16 The DMVO strokes were characterized
based on initial computed tomography (CT) angiography or magnetic resonance (MR) angiography at
presentation, and perfusion images (MR perfusion or CT perfusion) were obtained as part of the
standard imaging protocol for all patients along with MR angiography and CT angiography.

Baseline characteristics included age, sex, presenting National Institute of Health Stroke Scale
(NIHSS) score, hypertension, diabetes, atrial fibrillation, hyperlipidemia, smoking status, time from
when the patient was last known to be doing well to transfer to the emergency department, location
of occlusion, and use of intravenous tissue plasminogen activator (tPA). Data on race were not
collected because of significant missing values in some centers. ASPECTS (Alberta Stroke Programme
Early CT Score) was established as a 10-point topographic score to quantify early ischemic changes
in the MCA territory.17 Reasons for withholding intravenous tPA included the last time the patient was
known to be doing well to the time of presentation greater than 4.5 hours, active use of
anticoagulants, history of cerebral hemorrhage, recent intracranial or intraspinal surgery, or active or
recent internal bleeding.

We evaluated the following efficacy outcomes: 3-month functional independence defined as
mRS scores of 0 to 2 at 90 days, 3-month excellent outcomes defined as mRS scores of 0 to 1 at 90
days, and successful reperfusion. The degree of reperfusion for the medium vessel occlusion vascular
territory was determined by the modified Treatment in Cerebral Ischemia (mTICI) score. Successful
reperfusion was defined as an mTICI score of 2b (reperfusion of more than half of the previously
occluded target artery ischemic territory) or 3 (complete reperfusion).18 The safety end points
included 3-month all-cause mortality; symptomatic intracranial hemorrhage (sICH) defined as
presence of a parenchymal hematoma on follow-up CT with an increase in NIHSS score of at least 4
points within 24 hours from treatment.19 A separate analysis was performed among only patients
with baseline NIHSS scores greater than 5.

Statistical Analysis
Analyses were conducted between March and June 2021. Categorical variables were expressed as
numbers (percentages) and continuous variables as means (SDs) or medians (IQRs). The P values for
comparing differences between groups were computed using the Fisher exact test for categorical
data and the 2-tailed t test and Wilcoxon rank sum test for comparing continuous variables as
appropriate.

Because this is not a randomized clinical trial, there was imbalance between the 2 groups on
some covariates and potentially confounding factors. Therefore, a prespecified inverse probability of
treatment weighting (IPTW) propensity score method was used to correct for imbalance on these
prespecified confounding factors when estimating the mean treatment effect size. The weights were
computed using a logistic regression model in which treatment was the outcome and age, sex,
presenting NIHSS score, atrial fibrillation, diabetes, intravenous tPA, and the last time the patient was
known to be doing well before transfer to the emergency department were the covariates. The
association of treatment (EVT vs MM) with outcomes was then evaluated using an IPTW logistic
model for the binary outcome where robust SEs were computed for the regression coefficients (log
odds ratios [ORs]) by clustering on subclass for which a unique subclass value is assigned to each
subgroup (pair) of EVT-MM observations that have the same weight. Unweighted vs weighted
balance between the EVT and MM groups was assessed by computing standardized mean
differences (mean difference divided by pooled SD) for each covariate and the variance ratio for each
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covariate without weighting vs these values using the IPTW. A standardized mean difference greater
than 0.25 was considered meaningful. Odds ratios and 95% CIs and P values based on the IPTW
logistic model for EVT vs MM binary outcome are reported. A 2-sided P < .05 was considered
statistically significant.

Eleven individuals with missing functional outcomes and 3 with missing sICH outcomes were
excluded from the propensity score analyses. Missing data for independent variables were identified
as greater than 1% for the last time the patient was known to be doing well before transfer to the
emergency department (missing completely at random). The values for this variable were imputed
using multiple imputation via chained equations.20 All statistical analysis was performed using Stata
software, version 13.1 (StataCorp LLC) and R software, version 4.0.5 (R Foundation for Statistical
Computing).

Results

A total of 286 patients with DMVO met study eligibility criteria, including 156 treated with EVT (mean
[SD] age, 66.7 [13.7] years; 90 men [57.6%] and 66 women [42.3%]) and 130 with MM alone (mean
[SD] age, 69.8 [14.9] years; 62 men [47.7%] and 68 women [52.3%]). The median (IQR) baseline
NIHSS score was significantly higher in the EVT group compared with the MM group (13.5 [8.5-18.5]
vs 7 [4-14]; P < .001). The rate of intravenous tPA administration did not significantly differ between
the 2 groups (75 [49.7%] in the EVT group and 58 [44.6%] in the MM group; P = .39) (Table 1).
Among 80 patients presenting with ACA DMVO (49 [31.4%] in the EVT group and 31 [24.0%] in the
MM group), 29 (36.2%) had A1 occlusion and 51 (63.8%) had A2 to A3 occlusions. Figure 1 shows the
flow diagram of the study and the propensity score analysis. Figure 2 shows the overall NIHSS score

Table 1. Comparison of Clinical Characteristics and Unadjusted Outcomes in All Patients With M3 MCA or ACA
Occlusions Treated With EVT or MM

Variable
EVT group
(n = 156)

MM group
(n = 130) P value

Age, mean (SD), y 66.7 (13.7) 69.8 (14.9) .001

Sex, No. (%)

Male 90 (57.6) 62 (47.7)
.10

Female 66 (42.3) 68 (52.3)

Baseline NIHSS score

Mean (SD) 13.9 (6.8) 9.4 (7.2)
<.001

Median (IQR) 13.5 (8.5-18.5) 7.0 (4.0-14.0)

NIHSS score, weighted %

<10 (n = 132) 38.6 61.4

<.00110-19 (n = 101) 65.4 34.6

>19 (n = 53) 73.6 26.4

Intravenous tPA use, No. (%) 75 (49.7) 58 (44.6) .39

Medical history and risk factor (presence), No. (%)

Hypertension 132 (84.6) 101 (77.8) .13

Atrial fibrillation 60 (38.5) 34 (26.2) .03

Diabetes 44 (28.6) 35 (27.1) .75

Dyslipidemia 79 (57.4) 65 (54.8) .72

Occlusion site

MCA (M3 segment) 107 (68.5) 101 (77.7) .11

ACA 49 (31.4) 31 (24.0) .16

Baseline ASPECTS, median (IQR) 9 (7-10) 9 (8-10) .56

Time from when the patient was last known to be well to
transfer to the emergency department, mean (SD), min

266.8 (207.61) 241.9 (202.9) .40

General anesthesia, No. (%) 22 (15.1) NA NA

Revascularization (mTICI 2b+), No. (%) 118 (81.2) NA NA

Abbreviations: ACA, anterior cerebral artery; ASPECTS,
Alberta Stroke Program Early CT Score; EVT,
endovascular therapy; MCA, middle cerebral artery;
MM, medical management; mTICI, modified
Treatment in Cerebral Ischemia; NA, not applicable;
tPA, tissue plasminogen activator.
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distribution of patients with M3 or ACA occlusion. Overall, successful recanalization was achieved in
118 patients (81.2%) with AIS with DMVO after EVT. Aspiration alone was used in 76 patients
(49.0%), stent-retriever EVT (with or without aspiration) was used in 67 (43.5%), and 12 (7.5%) were
treated with intra-arterial alteplase. First-pass recanalization with mTICI scores of 2b or 3 was
performed in 88 patients (56.6%) after EVT. The rate of sICH was similar in the EVT and MM groups
(weighted: 4.0% vs 3.1%; P = .54).

The distribution of 90-day mRS scores by treatment group is demonstrated in eFigure 1 in the
Supplement. In unadjusted analysis of the full cohort, rates were not significantly different between
the 2 groups for 3-month functional independence (151 [51.7%] with EVT vs 124 [50.0%] with MM;
P = .78) and excellent outcome (151 [38.4%] vs 123 [31.7%]; P = .25).

Figure 1. Cohort Build for Acute Stroke With Distal, Medium Vessel Occlusion Treated With Endovascular
Therapy vs Medical Management Alone

453 Patients screened

286 Eligible patients

272 Patients entered in propensity analysis

14 Missing outcome data

167 Excluded
Functional dependence at baseline79
Concomitant proximal LVO47
Other distal occlusions (eg, PCA)41

LVO indicates large vessel occlusion; PCA, posterior
cerebral artery.

Figure 2. Distribution of National Institute of Health Stroke Scale (NIHSS) Scores Among Included Patients
With M3 Segment Middle Cerebral Artery and Anterior Cerebral Artery Occlusion by Treatment Group
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The rates of sICH did not significantly differ between the EVT vs MM groups in the full cohort in
unadjusted analysis (156 [3.8%] vs 127 [3.1%]; P = .90). Similarly, no significant differences were
observed in 3-month mortality outcomes between the EVT and MM groups in unadjusted analysis
(139 [18.7%] vs 106 [11.3%]; P = .15) (Table 2).

Propensity Score Analysis Using IPTW
The propensity score method among patients yielded EVT and MM groups highly similar in baseline
characteristics. eTable 2 and eTable 3 in the Supplement show balance between the EVT vs MM
groups by demonstrating standardized mean differences for each covariate and the variance ratio
before and after IPTW. The Love plot is shown in eFigure 2 in the Supplement. In IPTW-adjusted
analyses, no significant difference was found between treatment groups for the primary outcome of
functional independence (adjusted OR [aOR], 1.36; 95% CI, 0.84-2.19; P = .20), whereas EVT was
associated with a higher odds of an excellent outcome at 3 months (aOR, 1.71; 95% CI, 1.02-2.87;
P = .04) (Table 2). In IPTW analysis, no significant difference was observed for 3-month mortality
between treatment groups (aOR), 1.24; 95% CI, 0.63-2.43; P = .53). Adjusted analyses were not
performed for the sICH outcome because of the low number of events. The propensity-weighted
proportions for the primary outcome of functional independence were 44.0% in the MM group and
51.7% in the EVT group.

In the IPTW analysis restricted to those with baseline NIHSS scores greater than 5, no significant
difference was found between treatment groups for the outcome of functional independence (aOR,
1.27; 95% CI, 0.74-2.19; P = .38), whereas EVT was associated with a higher likelihood of excellent
outcomes (aOR, 1.86; 95% CI, 1.00-3.44; P = .05).

EVT for AIS With ACA vs M3 MCA Occlusions
The age and number of men were similar among patients with ACA (mean [SD] age, 69.8 [10.3] years;
28 [57.1%] male) vs M3 MCA (mean [SD] age, 65.5 [14.7] years; 62 [57.9%] male) occlusions who
underwent EVT. The presenting NIHSS score was comparable between AIS patients with ACA (mean
[SD], 13.0 [6.3]) vs M3 MCA (mean [SD], 14.2 [7.1]) occlusions undergoing EVT (Table 3). Successful
recanalization was achieved in 86.1% after ACA and 79.3% after M3 MCA EVT (P = .12). First-pass
successful reperfusion (mTICI 2b-3) was achieved in 60.1% of patients with AIS with M3 occlusions
and 53.2% of AIS with ACA occlusions (P = .41). The total pass numbers were higher in ACA vs M3
MCA EVT (mean [SD], 2.1 [1.8] vs 1.5 [1.3] ; P = .03). The rate of sICH was similar for ACA vs M3 MCA
EVT (2 [4.1%] vs 4 [3.7%]; P = .62); however, the rate of 3-month functional independence tended to
be lower in patients with ACA compared with those with M3 MCA EVT, but the difference was not

Table 2. Comparisons of Clinical Outcomes After EVT vs MM of Medium Vessel Occlusion Before and After Inverse Probability Weighting Adjustment

Outcome

MM group EVT group
Risk difference,
mean (SE), % OR (95% CI) P valueNo. (%) Weighted, % No. (%) Weighted,%

Functional independence

Unadjusted 124 (50.0) 4.5 151 (51.7) 4.1 1.7 (6.1) 1.07 (0.66-1.72) .78

Adjusted 124 (44.0) 4.5 151 (51.7) 4.1 7.7 (6.0) 1.36 (0.84-2.19) .20

Excellent outcome

Unadjusted 123 (31.7) 4.2 151 (38.4) 4.0 6.7 (5.8) 1.34 (0.79-2.29) .25

Adjusted 123 (26.7) 4.0 151 (38.4) 4.0 11.7 (5.6) 1.71 (1.02-2.87) .04

Mortality

Unadjusted 106 (11.3) 3.1 139 (18.7) 3.3 7.4 (4.5) 1.80 (0.82-4.14) .15

Adjusted 106 (15.7) 3.5 139 (18.7) 3.3 3.0 (4.8) 1.24 (0.63-2.43) .53

sICHa

Unadjusted 127 (3.1) 1.5 156 (3.8) 1.5 0.7 (2.2) 1.23 (0.28-6.06) .90

Abbreviations: EVT, endovascular therapy; MM, medical management; OR, odds ratio;
sICH, symptomatic intracranial hemorrhage.

a Adjusted outcomes were not computed for sICH because of low number of
outcome events.
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statistically significant (19 [40.4%] vs 59 [56.7%]; P = .06) (Table 3). Similarly, among patients in the
MM group, the rate of 3-month functional independence (weighted: 35.4% vs 55.0%; P = .06) and
excellent outcomes (29.0% vs 34.1%; P = .55) were proportionally lower but not significantly
different in patients with ACA compared with those with M3 MCA strokes.

Discussion

This multicenter cohort study supports the feasibility and safety of EVT in patients with AIS with
DMVO. In our study, patients with DMVO who underwent EVT were more likely to be younger and
present with a higher NIHSS score at onset compared with those treated with MM alone. Successful
reperfusion was achieved in more than 80% of the patients with DMVO. After propensity score
adjustment for basic characteristics, including age and presenting NIHSS score, no significant
difference was found in the rate of 3-month functional independence between the treatment
groups; however, EVT was associated with a greater likelihood of achieving an excellent outcome
compared with MM alone. In terms of safety, no significant differences were found in the risk of
mortality or sICH with EVT compared with MM alone across patients with DMVO.

Given the extensive randomized clinical trial evidence base, current American Stroke
Association guidelines regarding EVT focus heavily on large vessel occlusion strokes. The 2019
American Stroke Association guidelines indicate it “may be reasonable” (class IIb recommendation)
to perform EVT for MCA M3 occlusions and offer no EVT-related recommendations for MCA M4 and
ACA occlusions.15 European guidelines do not provide specific recommendations regarding M3, M4,
and ACA occlusions.21 To our knowledge, this study is the first multicenter study describing and
comparing outcomes in patients with AIS receiving EVT vs MM alone for primary occlusions of the M3
MCA and ACA distal and medium vessels in the anterior circulation. Strokes with DMVO were

Table 3. Comparison of Baseline Clinical Characteristics and Unadjusted Outcomes in Patients With M3 MCA
vs ACA Occlusions Undergoing Endovascular Therapy

Characteristic ACA (n = 49) MCA (n = 107) P value
Age, mean (SD), y 69.8 (10.3) 65.5 (14.7) .10

Sex, No. (%)

Male 28 (57.1) 62 (57.9)
.90

Female 21 (42.9) 45 (42.1)

Baseline NIHSS score, mean (SD) 13.0 (6.3) 14.2 (7.1) .30

Baseline NIHSS score, weighted %

<10 44.6 55.5

<.00110-20 68.7 31.3

>20 55.8 44.2

Intravenous tPA, No. (%) 15 (31.9) 60 (57.7) .01

No. of passes, mean (SD) 2.1 (1.8) 1.5 (1.3) .03

Medical history and risk factors, weighted %

Hypertension 87.7 79.4 .04

Atrial fibrillation 34.7 40.2 .38

Diabetes 38.3 24.3 .04

Dyslipidemia 67.5 44.4 .03

First-pass recanalization 53.6 60.2 .45

General anesthesia 9.5 16.0 .25

Postprocedural outcomes

Revascularization (mTICI 2b+), weighted % 86.1 79.3 .12

sICH, No. (%) 2 (4.1) 4 (3.7) .62

90-Day outcome, No. (%)

Good (mRS scores, 0-2) 19 (40.4) 59 (56.7) .06

Excellent (mRS scores, 0-1) 15 (31.9) 43 (41.3) .40

Abbreviations: ACA, anterior cerebral artery; MCA,
middle cerebral artery; mRS, modified Rankin Scale;
mTICI, modified Treatment in Cerebral Ischemia;
NIHSS, National Institute of Health Stroke Scale; sICH,
symptomatic intracerebral hemorrhage; tPA, tissue
plasminogen activator.
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associated with high rates of disability regardless of treatment, with dependency or worse outcome
in 5 of every 10 patients; mortality by 3 months accrued in nearly 2 of every 10 EVT-treated patients
and 1 of every 10 medically treated patients.

Although the likelihood of recanalization with intravenous thrombolysis is increased in more
distal cerebral vessels with smaller calibers, approximately half of patients with DMVO do not achieve
early reperfusion after intravenous tPA administration.22 The current study shows that a high rate of
successful reperfusion (>8 of every 10 patients) can be achieved in DMVO strokes with EVT with no
significant increase in sICH. Furthermore, as shown previously and supported in the current analysis,
DMVO strokes are not benign and represent an opportunity to maximize the impact of EVT to further
improve outcomes.9 Randomized clinical trials will be needed to confirm these findings and to
identify patients with DMVO who are more likely to benefit from EVT.

Further indicating a potential benefit of EVT in patients with DMVO stroke, the rates of
successful reperfusion, sICH, and mortality in the current study were similar to those in a pooled
analysis of the pivotal trials of EVT for LVO strokes, and the rates of 3-month functional
independence were higher.23 These findings suggest that with modern endovascular technology,
EVT procedures in more distal and fragile DMVO can be performed as safely as for LVOs. Our results
are not generalizable to strokes associated with DMVOs other than ACA or M3 MCA territories.

Until recently, distal or medium vessel occlusions were not a frequent target of endovascular
intervention. Less frequent use of vessel imaging and a lack of appropriate endovascular devices
made EVT for primary DMVO uncommon. In the IMS-III trial (Interventional Management of Stroke
III), only 5 patients with M3, M4, or ACA occlusions were included.24 In the MR CLEAN trial
(Multicenter Randomized Clinical Trial of Endovascular Treatment for Acute Ischemic Stroke in the
Netherlands), only 3 ACA occlusions were included.2 However, with technologic advances,
experience with EVT for DMVO stroke is beginning to expand.9,10 Grossberg et al11 studied distal
intracranial occlusion strokes, including ACA, M3 MCA, and posterior cerebral artery occlusions, and
reported that EVT was effective in achieving successful reperfusion in 83% of cases, with a 3-month
functional independence (mRS scores, 0-2) rate of 30% and a 3-month mortality rate of 20%. The
current study of a larger, multicenter population shows similar reperfusion and mortality rates and
higher rates of functional independence. This study additionally offers dual insights into the outcome
of DMVO strokes under MM alone as well as with EVT and can inform the design of future trials
investigating the optimal endovascular vs medical treatment of DMVO.

Several additional practical considerations need to be revisited in the context of EVT for DMVO
strokes. Current prehospital stroke severity triage scales were developed and calibrated to identify
LVOs rather than DMVOs.25,26 Current interhospital transfer paradigms similarly were developed to
identify and rapidly transfer patients with LVO rather than patients with DMVO ischemic stroke.
Future trials could assess the relevance of perfusion-based neuroimaging paradigms, including
physician (level of skill to detect distal occlusions on vessel imaging) and technology-related factors
(added utility of perfusion imaging or time variant CT angiography) for selection and treatment of
DMVO strokes. Newer devices with smaller diameters and very-low-profile thrombectomy devices
are being developed for DMVOs.14,27 The role of anesthesia in DMVO EVT will need to be studied
because general anesthesia may be preferred in DMVO to increase the safety profile of EVT in these
distal, smaller, and more fragile vessels. The association of tenecteplase with treatment of DMVO
strokes will need to be thoroughly investigated. The wide range of stroke severity at onset in patients
with M3 MCA occlusions could represent differences in eloquence of each of these branches.
Patients with DMVO in the central or precentral branches (supplying the primary motor cortex) may
present with higher stroke severity compared with patients with DMVO involving less eloquent
regions, such as parietal or angular branches. Patient selection for EVT based on the eloquence of the
occluded branch in addition to stroke severity at onset should also be considered in future studies.
Currently, there is no standard approach or guideline across different institutions and stroke centers
for treatment of DMVO. In our study, the main driving factors for differences in treatment strategy
were likely related to institutional and interventionalist variation in patient selection across different
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centers. Routinely used ASPECTS, mTICI, or mRS scores may not be adequate for outcome
adjudication after DMVO strokes. The modest effect size associated with EVT in the adjusted analysis
may also be related to the milder presentations in DMVO and smaller differences among treatment
groups. In line with our findings for anterior circulation DMVO, a recent study28 suggested that EVT
for posterior circulation DMVO is safe and technically feasible.

Limitations
Our study is limited by its nonrandomized nature. Patients treated with EVT presented with a higher
baseline deficit and were at a higher risk of developing worse outcomes compared with the MM
group. This finding is also reflected in the lower magnitude of the ORs in the crude analyses vs the
analysis based on IPTW. The IPTW analyses mitigate this concern, but the possibility of residual or
unmeasured confounding remains significant. Therefore, our study may have underestimated the
real odds of improved outcome in the EVT vs the MM group, which can be assessed in future
randomized trials. The current study was confined to M3 MCA and ACA DMVO and did not
investigate DMVO in other arterial segments, including nondominant M2 MCA branches and the
posterior cerebral artery. The mTICI and ASPECT scores were adjudicated blinded to clinical
outcomes; however, clinical outcomes and ascertainment of hemorrhagic conversion were not
assessed blinded to the mode of treatment (EVT vs MM alone). A difference was found in number of
sites that contributed to the EVT and MM patient cohorts. Our sample size is small when compared
with the landmark trials of the large vessel occlusion strokes, primarily because DMVO strokes
represent a smaller number of disabling strokes and are less frequently treated based on current
guidelines. With the assumption of a 31.7% rate of an excellent outcome under MM, a sample size of
364 per group would be needed to provide 80% power for confirming a 10% improvement in the
excellent outcome from 31.7% to 41.7% using the usual 2-sided P < .05 significance criterion;
therefore, our study is underpowered to detect an accurate OR of the treatment effect. However, our
study represents the largest study of its kind involving cases from multiple high-volume stroke
centers. Data from patients receiving MM were not collected from 4 centers, and the difference in
unmeasured covariates across these centers could have introduced the risk of selection bias.
Furthermore, we have attempted to introduce uniformity in our sample by including only anterior
circulation strokes treated up to 24 hours after stroke onset.

Conclusions

In conclusion, the findings of this multicenter cohort study suggest that EVT is safe and may be
associated with higher rates of excellent outcome in patients with ischemic stroke due to M3 MCA
and ACA medium vessel occlusions. Further investigation into the risks and benefits of DMVO
treatment is warranted.
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